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A. CeMeHOB 1 

^MHCTHTyT acTpoHOMHH o6mecTBa MaKca 
IIjiaHKa, reiiflejib6epr, TepMaHHH 



XHMHfl B nPOTOnJIAHETHblX flHCKAX 



KpaTKaa aHHOTaipia. 

B flaHHoft o63opHoft jieKiniH o6cy»c,zi,aeTca TeKymee noHHMaHHe to- 
ro, KaK npoHCxofliiT XHMHHecKaa SBOjiioiniH b npoTonjianeTHbix /niCKax 
J- aHajiorax Hainefi CojmeHHOft chctcmbi, Kor,a,a eft 6bijio Bcero HecKOjib- 
^--•^ko mhjijihohob jier. Ha STOft CTa/uin sbojhouhh, Kor,n,a b TaKHx ciiCTe- 
^XjMax Ha^HHaiOT o6pa30BbiBaTbCH njiaHeTbi, cmibHbie rpa,znieHTbi iuiotho- 
^ cth, TeMnepaTypti, h hht6hchbhocth HOHH3Hpyrom,ero nsjiyqeHns npn- 
gjBO^aT k o6pa30BaHHK> "cjiohctoh" xHMHHecKoft CTpyKTypbi. B ropHneft, 
P^pa3pe>KeHHOft h chjibho HOHH30BaHHOft aTMOCcpepe npiicyTCTByiOT tojib- 
■^-4° jinnib aTOMbi, aTOMapHbie hohm, h npocTbie cpOTOCTa6iijibHbie pafln- 
^jKajibi, ^bH xiiMmecKaH SBOjnoniia onpe^ejiHeTCfl orpaHineHHbiM Ha6o- 
poM ra30(pa3Hbix peaKinift. B 6ojiee rjiy6oKHx cjioax flHCKa peHTreHOB- 
r ~TJ^Koe h yjibTpaepHOjieTOBoe Me>K3Be3/i,Hoe h 3Be3flHoe H3jryieHiie Hanii- 
^HaeT ocjia6jiHTbca 3a c^eT norjiom,eHHH nbijibio h ra30M, TeMnepaTypa 

(^/KOHHJKaeTCH, n03BOJIHH C>6pa30BbIBaTbCH MHOJKeCTBy CJIOJKHblX coeflHHe- 

(— | hhh nocpeflCTBOM ra3onbijieBoft xhmhh. HaKOHeu;, b TeMHOft, xojio/nroft 
Oif njiOTHOft SKBaTopnajibHoft nacTH /niCKa 6ojibiiiiiHCTBO MOjieKyji ycne- 
^BaeT BbiMep3HyTb 3a BpeMH jkiqhh /niCKa, o6pa3ya cjiojKHbie jieflHHbie 

J^MaHTHH Ha nblJIHHKaX, Ha KOTOpblX npOHCXOflHT 06pa30BaHHe CJIC»KHbIX 

"^(opraHHHecKHx) MOjieKyji 3a cneT noBepxHOCTHbix pearcnHft. 
- 
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Annotation. In this lecture I discuss recent progress in the under- 
standing of the chemical evolution of protoplanetary disks that 
resemble our Solar system during the first ten million years. At 
the verge of planet formation, strong variations of temperature, 
density, and radiation intensities in these disks lead to a layered 
chemical structure. In hot, dilute and heavily irradiated atmo- 
sphere only simple radicals, atoms, and atomic ions can survive, 
formed and destroyed by gas-phase processes. Beneath the at- 
mosphere a partly UV-shielded, warm molecular layer is located, 
where high-energy radiation drives rich chemistry, both in the gas 
phase and on dust surfaces. In a cold, dense, dark disk midplane 
many molecules are frozen out, forming thick icy mantles where 
surface chemistry is active and where complex (organic) species 
are synthesized. 

1. BBefleHne 

IIpoTonjiaHeTHbie jxhcksi o6HapyaceHbi BOKpyr MHOJKecTBa mojio/tmx 
3Be3fl b TajiaKTHKe ( [1J). 3to othochtcjibho He6ojibniHe (~ 10 — 
— 1000 a.e.), Majio-MaccHBHbie (< 10% Maccbi CojiHua) h kopotko- 
jKHByrrj,ne (< 1 — 10 mhjijihohob jict) Bpa^aioinuecfl o6 r beKTbi, coctoh- 
nriie npeHMymecTBeHHO H3 ra3a h He6ojibinoro (~ 1%) KOjinnecTBa nbijiu. 
Hx xHMHHecKHii cocTaB, a TamKe cpHsrnecKHe ycjiOBHH o6ycjiaBjiHBaiOT 

CKOpOCTB H SqScbeKTHBHOCTb o6pa30BaHHH njiaHCT, KOTOpOC 3aBHCHT OT 

TeMnepaTypbi ii pacnpeflejieHira njiOTHOCTH ra3a, Henpo3paHHOCTH epe- 
ffbi, h HajiHHHH Typ6yjieHTHOCTH. Bojiee Toro, HexoTopbie MOjieKyjibi h 
nbijieBbie HacTHirbi hbjihkdtch BajKHbiMH pjin HarpeBa n oxjia>KfleHHH ra- 
sa (H2, CO, OH, nojinapoMaTHHecKue yrjieBO,n,opo,zrbi) , b to BpeMH KaK 
MajieHbKaa (< 1 — 10 mkm) nbijib onpeflejiaeT CTeneHb Henpoapa'mocTH 

flHCKa flJIH H3JiyHeHHH. 

3a nocjie/i,Hee fleeaTHjieTne Hamn 3HaHHH o npoTonjiaHeTHbix ,n,HCKax, 

B OCo6eHHOCTH, 06 HX XHMHHeCKOM COCTaBe, 3HaHHTejIBHO npOflBHHyjIHCb 

Bnepefl. MojieKyjiapHbiii BO^opofl - rjiaBHbiii KOinnoHeHT ra3a, 6yn,yHH 
CHMMeTpHHHOii MOjieKyjiofi 6e3 nocrosHHoro flimojibHoro MOMeHTa, He 
Ha6jno/i,aeM b .zrncKax npn TeMnepaTypax hicks okojio 500 K, noaTO- 
My BMecTO H2 npnxoflHTCH Hcnojib30BaTb flpyrne, ropa3flo MeHee pac- 
npocTpaHeHHbie MOjieKyjibi (cm. Ta6jimry [1} . Hx BpaniaTejibHbie smhc- 
cuoHHbie nepexoflbi Ha6jnoflaiOTca, o6bmHO, b MHjijiuMeTpoBOM /ruana- 
30He fljiHH bojih, a KOJieSaTejibHbie hjih KOjie6aTejibHO-Bpairj,aTejibHbie _ 
b HHcopaKpacHOM. nperiMymecTBO Ha6juo,n,eHHH b (cy6-)MHjijiHMeTpoBOM 
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^,nana30He sto Hajinnne orpoMHoro nncjia MOjieKynapHbix jihhhh, a Taic- 
jkb OTHOCHTejibHaa npo3panHOCTb 3eMHOii aTMOCcpepbi. 

TjiaBHaa TpyznrocTb Taxiix Ha6jno,n;cHHH sto othochtcjibho Majibiii 
yrjiOBoii pa3Mep fla»ce caMbix 6ojibinHx h 6jih3khx npoTonjianeTHbix 
,h,hckob (< 10 fljia flHCKa BOKpyr Tejibija), hto Tpe6yeT pajjHO- 
iiHTepcpepoMeTpiiHecKiix Ha6jno,neHHH fljia nojiyreHHJi xapT pacnpejre- 
jieHHH H3JiyHeHHa b jihhhhx MOjieKyji no o6i>eKTy, HanpHMep, c noMO- 
mbio HHTepcpepoMeTpa IIjiaTO ,a,e Biop (Plateau de Bure interferometer) 
bo Qpampin h Cy6MHjijiHMeTpoBoro IiHTepcbepoMeTpa (Submillimeter 
Array) b CIIIA. Sa^acTyio, *iTo6bi oneHHTb o6niee kojikhcctbo MOjieKyji 

II HHTeHCHBHOCTb HSJiyieHHH HX JIHHHH B KaKOM-Jin6o JTHCKB, HCnOJIb3y- 

iot Ha6jno r neHHs: HH3Koro pa3peineHHa Ha KpynHbix pa/nroTejiecKonax b 
HinpoKOM (> 1 — 8 rru,) ,n,Hana30He nacTOT, HanpHMep, 30-m aHTeHHe 
IRAM (ESO, HcnaHHs) , 1 2-m aHTeHHe APEX (ESO, Hnjie), h 15-m aH- 
TeHHe TejiecKona ^jKeifcMca Kjiepxa MaxcBejijia (James Clerk Maxwell 
Telescope, TaBaiiH). 

/Ipyrasi Tpyn,HOCTb coctoht b tom, hto aHajiH3 smhcchohhmx MOjieicy- 
jiapHbix jihhhh, k cojKajieHHio, Tpe6yeT nocTpoeHHH anpnopHOH MOjj,ejiH 
o pacnpejj;ejieHHHx TeMnepaTypbi, njiOTHOCTH, h xhmhhcckhx KOHueHTpa- 
iniH no flHCKy, a TaKJKe MOjrejiHpoBaHHH nepenoca HSjiyneHHH (sa^racTyio 
Hcnojib3yeTca npn6jiHJKeHHe jiOKajn>Horo TepMOj^HHaMH^ecKoro paBHO- 
Becna, JITP). B cjrynae h6o6xojj,hmocth TOHHoro MOjrejiHpoBaHHH nepe- 
Hoca b jihhhhx jijih KaKofi-TO Bbi6paHHOH MOjieKyjibi Hajj,o eme iyie-TO 
HaHTH ,n;aHHbie o CTOjiKHOBHTejibHbix ceneHHax fljiH pa3Hbix nepexo^,OB, 
HanpHMep, b Leiden Atomic and Molecular DAtabase (LAMDA; [2]). Ta- 
khm o6pa30M, ihikji onpe^ejieHHH pa3jiHHHbix napaMeTpoB ^hckob Tpe- 
6yeT peajiHCTHHHyio MO^ejib o6i>eKTa, a Taitace ero (HHTcpcbepoMCTpH- 
necKHx) Ha6jnojr,eHHH b jihhhhx /niarHOCTHHeciaix MOJiexyji, ,na eme h b 
pa3Hbix nepexojiax, KOTopbie B036yscjiaiOTCH npn onpeflejieHHOM jjiiana- 
30He TeMnepaTyp h njiOTHOCTeii. Hcnojib3yH TaKoii TpyfloeMKHft (o6bm- 
ho, HTepaTHBHbifi) noflxojo, y^aeTCH oneHHTb Taiaie BajKHbie napaMeTpbi 
.zhickob KaK pajTiiajibHbie h BepTHKajibHbie pacnpejrejieHHH TeMnepaTypbi 
h njiOTHOCTH ra3a, a Taitsce peKOHCTpynpoBaTb nojie CKopocTeii h jiy^ie- 
Byio KOHiieHTpaniiio rojiynaioinHx MOjieKyji h CTencHb hx BbiMep3aHHH b 
xojioflHbix nacTHx jriiCKa (cm. o63opbi [3] h [3]). ,11,0 He/iaBHero BpeMeHH 
TaKHM cnoco6oM MOMO 6hjio H3ynaTb BHeniHne nacTH jjhckob, > 50 — 
— 200 a.e. C noMOiubio kocmhhcckhx ("CnHTnep", 'Tepniejib") h Ha3eM- 
hhx (Kex, VLT, Cy6apy) TejiecKonoB MOJieicyjibi BnepBbie 6bijni o6Hapy- 
jKeHbi bo BHyTpeHHHx nacTHx npoTonjiaHeTHbix jjhckob, 1 — 50 a.e., rjj,e 
b nocjiejjyioiiieM 6ynyr o6pa30BbiBaTbca (jih6o y»ce o6pa3yiOTCH) njia- 
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HeTHbie ciiCTeMM (cm., HanpHMep, 0|6]). 

IlpoTonjiaHeTHBie jxhckh o6biHHO nacTHHHO Henpo3paHHbi fljiH <po- 

TOHOB C JJ,JIHHOH BOJIHbl MeHbHIC, ieM ~ 100 MM. IIoSTOMy HCnOJIb3yK>T 

Ha6jiio/i,eHHH TenjiOBoro H3jryHeHHH nbijiH b KOHTimyyMC Ha mhjijihmct- 
PObbix jijiHHax bojih, HTo6bi oueHHTb Maccy jxhckob (c 6ojibinofi norpein- 
HOCTbio H3-3a HeH3BecTHoro cooTHOineHHH Maccbi ntijiH k Macce ra3a, h 
BejiHHHHbi HenpospaHHOCTii) . Taitsce yuaeTCH onpejj,ejiHTb CTeneHb pocTa 
ntijieBbix lacTiin, nocpeflCTBOM cpaBHenna hhtchchbhocth TenjiOBoro H3- 

JiyHeHHH nblJIH Ha HHCppaKpaCHblX, MHJIJIHMeTpOBblX H CaHTHMeTpOBblX 

^,jiHHax bojih - ecjiH pocT ecTb, to na/j,eHHe hht6hchbhocth c /ijihhoh 
BOjiHbi npoHCxoflHT MejijieHHee. TaKHM o6pa30M 6bijio o6Hapy»ceHO, hto 
bo MHorux flHCKax cymecTByiOT, Kax MHHHMyM, "nbijiHHKH" mhjijihmct- 
poBoro h caHTHMeTpoBoro pa3Mepa ( [7]). 

H a6 jnojj,eHHH b HHcppaKpacHOM jxiianasoHe c noBepxHOCTH 3eMjiH 

CHJIbHO OrpaHH^ICHbl aTMOCtpCpHblMH OKHcLMH np03paHHOCTH, & nOTO- 

My Tpe6yK>T KOCMH^ecKHx TejiecKonoB. OflHaKO, nocpeflCTBOM nncppa- 
KpacHoii cneKTpocKonHH yjjaeTCH y3HaTb MHoroe o MHHepajiorHnecKOM 
cocTaBe nbijin b jxHCKax. Tax, 6bijio Haftjj;eHO, hto b cocTaBe nbijiH b 
^,HCKax npncyTCTByiOT aMopcpHbie yrjiepojxiiCTbie coejxiiHeHHH (Hen3BecT- 
hoh npHpoflbi), aMopcpHbie h KpHCTajijinnecKHe cnjiHKaTbi (HanpHMep, 
MgSiOa and Mg2SiC>4), h cjiojKHbie MOjieKyjiapHbie jibjjbi, BKjnoHaioiHHe 
opraHHiecKne BemecTBa (HanpHMep, H2O, CO, CO2, HCN, CH3OH). 
H3ynaH cpopMy CHjinxaTHbix smhcchohhbix nojioc Ha 10 h 20 mkm y/ia- 
jiocb noKa3aTb, hto b jiHCKax npncyTCTByiOT cnjiHKaTbi c pa3jiHHHbiMH 

COOTHOHICHHCM Mg H Fe, pa3MepaMH OT Cy6MHKpOHHbIX flO HeCKOJIbKHX 

mhkpoh, a Tam«e pasjiiiiHoii CTeneHbio KpncTajijinnHOCTH, KOTopaa mo- 
jkbt em;e h H3MenaTbCH no /niCKy ( [8]). 

K cnacTbio, flonojiHHTejibHaH HHepopMarnia 06 ycjiOBnax, b kotophx 
o6pa30BbiBaiOTCH njiaHeTbi, MOJKeT 6biTb nojiyneHa nyTeM jj;eTajibHoro 
aHajiH3a xHMHiecKoro, MHHepajiorHHecKoro, h neTpojiorH^ecKoro cocTa- 
Ba pa3HOo6pa3Hbix o6pa3npB MaTepnajiOB, H3 kotophx coctoht MeTeopn- 
tm h HacTHHbi KOMeTHOfi /30/rHaKajibHOH nbijin ( [9 J ) . Hejj;aBHHH ycnein- 
Haa KOCMH^iecKaH mhcchh "CTapjiacT" (Stardust) no3BOjinjia BnepBbie 
nojiy^HTb h npHBC3TH Ha 3eMjno o6pa3n,bi MejK3Be3,irHOH h KOMeTHOit 
nbijin, ocTaBHieiica co BpeMeH o6pa30BaHHH CojiHenHOH CHCTeMbi, aHa- 
jih3 KOTopbix noKa3aji npncyTCTBne cnjiHKaTHbix BemecTB, KpncTajijiH- 
30BaBHiHxcH npH BbicoKofi (> 800 K) TeMnepaType, KOTopbie BHejjpenbi 
b HH3KOTeMnepaTypHbie KOHjxeHcaTbi ( [10). ITpncyTCTBHe KpncTajijiH- 
necKHx CHjiHKaTOB 6bijio TaKsce o6Hapy>KeHO b npoTonjianeTHbix /niCKax 
BOKpyr jxpyrnx 3Be3jj, ( [111 I12j). Bojiee Toro, b cocTaBe komcthoh nbi- 
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jiii 6bijih o6HapyjKeHM cnojKHbie opraHH^ecKHe coe/pmeHiis, BKjnonasi 
npocTenrnyio aMHHOKHCjiOTy rjininiH ( |13|). IfeoTonHbiH aHajiH3 pa3jiHH- 
hhx MHHepajiOB b CTapeftHinx MeTeopHTax noKa3aji, hto 6ojibi[ihhctbo 

SJieMeHTOB (3a HCKJIIOHeHHeM H30TOnOB KHCJIOpO^a) o6jiajJ,aiOT nOXOJKHM 

1130TO11HBIM cocTaBOM, hto npe/niojiaraeT scpcpeKTHBHoe nepeMeniHBaHne 
Bem,ecTBa bo BHyTpeHHeii nacrn CojiHeiHOH TyMaHHOCTii b TeneHnn nep- 
bbix HecKOJibKHx mhjijihohob jieT ee CymeCTBOBaHHH ( |14|). 

Bee 3th HHTepecHbie cpaKTbi OT^iacTH o6 r bacHaiOTca coBpeivieHHbiMH 
MOflejiHMH xHMHHecKoii sbojuoithh npoTonjianeTHbix ahckob ( |15H19j ). 
Han6ojiee BajKHbiii TeopeTHHecKnii pe3yjibTaT, ^iacTH^nio nojirBepjKfleH- 
Hbiii Ha6jiio,ii;eHHaMH, npejj;cKa3biBaeT "cjiOHCToe" pacnpe/jejieHne MOjie- 

Kyjl nO JXHCKy. IIpH 3TOM B XOJIOflHblX BHeniHHX SKBaTOpnajIbHblX H&- 

cthx jj,hckob MOjieKyjibi npiijinnaiOT n nocTeneHHO BbiMep3aiOT Ha nbijn-i, 
o6pa3ya npoTHJKeHHbie jiejisHbie MaHTnn cjiojKHoro cocTaBa, b to Bpe- 
mh KaK b HOHH30BaHHOii aTivroccpepe flHCKa MOjieKyjibi "pa36nBaiOTCH" 
yjibTpacpiiojieTOBbiM H3JiyneHHeM mojiojj,oh h aKTHBHOii 3Be3#w. Taitsce 
coBpeMeHHbie xHMHnecKne Mojxejin /utckob no3BOjiaiOT KanecTBeHHO h 
KOjinnecTBeHHO o6 r bHCHHTb Ha6jno,n,aeMbie B&jiHHHHbi jiyneBbix KOHuen- 
TpairM TaKHx BemecTB, K a K CO, HCO+, N 2 H+, CN, HCN, HNC, CS. 

2. MojieKyjiti KaK HHCTpyMeHT H3yneHHH 
npoTonjiaHeTHbix ,u,hckob 

K cerojj,HHinHeMy MOMKHTy 6bijio Han^eno okojio ~ 160 xhmhhgckhx 

COeflHHeHHH B KOCMOcJ. H3 HEX, B flHCKaX, BBHfly OTHOCHTejIbHOH Majioii 

Maccbi H3jiyHaiom,ero ra3a, 6bijin o6HapyaceHbi TOjibKO jiHinb CO (11 ero 
HSOTonojiora), a Tarae HCO+, DCO+, CN, HCN, DCN, CCH, H 2 CO, 
h CS ( [20-24]). K TOMy »ce, cooTBeTCTByiomiie MOjiercynHpHbie cneKTpbi 

HMCIOT, o6bIHHO, HII3KOC COOTHOHieHIie CHrHaji/inyM H npocTpaHCTBeH- 

Hoe pa3penieHiie. Cootbctctbchho, pajxnajibHoe pacnpe/jejieHne MOjie- 
KyjiapHbix o6hjihh no jxncKaM TaKsce onpeflejiaeTCH c 6ojibinoii norpein- 
HOCTbro ( |25H27| ). IlyTeM TinaTejibHbix h TpynpeMKnx Ha6jno,a,eHHH Ha 
TaKHx nepBOKjiaccHbix HHCTpy MeHTax , KaK HHTepcpepoivieTp IIjiaTO ,a,e 
Biop (Plateau de Bure interferometer) bo cPpaHiniH n Cy6MnjijinMeTpo- 
Boro HHTepepepoMeTpa (Submillimeter Array) b CBJA, 6bijiH H3yHeHbi 
HecKOjibKO Han6ojiee KpynHbix, hpkhx n 6jih3khx k HaM npoTonjiaHeT- 
hhx jxhckob BOKpyr 3BC3,n; ,HM Twibiia (DM Tau), JiKna 15 (LkCa 15), 
AB Bo3HHnero (AB Aur) h TB rnjxpbi (TW Hya). B 2013 ro/ry H a nan- 

http://astrochemistry.net/ 
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Hyio MomHOCTb flOji»ceH HanaTb pa6oTaTb Bojibinoii MnjuiHMeTpoBbiH 
HHTepepepoMeTp b BbicoKoropHoii nycTbme AiaxaMa, Hhjih (Atacama 
Large Millimeter Array; ALMA). C bbo^om b CTpoii SToro HHCTpyMeH- 
Ta, ropa3jj,o 6ojiee nyBCTBHTejibHoro, o6jia,n,aioiHHM pa3peiHaioiHeH cno- 
co6hoctbio BnjiOTb flo 0.005 yrjiOBbix ceKyHfl, h cnoco6HbiM Ha6jno;raTb 
MOjieKyjibi b innpoKOM flHana30He nacTOT (96 — 850 ITn,) c bbicokhm na- 
ctothbim pa3perneHHeM, H3yneHHe xiiMinecicoro cocTaBa h (pH3HnecKHx 
ycjiOBHft b npoTonjiaHeTHbix jrncKax BbiiifleT Ha npHHininiiajibHO /rpyroii 
ypoBeHb, no3BOjiHH fleTajibHO H3yHaTb 6ojibnioe kojihhcctbo o6 r beKTOB, 
BKjnonaH MajienbKHe h ,n,ajieKHe CHCTGMbi, b jihhhhx TaKirx coejxiiHeHHH 

O KOTOpblX Mbl MOJKeM CerOiTHH TOJIbKO MeHTaTb. 

MeTOflHKa H3yHeHHH npoTonjiaHBTHbix jthckob nocpe^CTBOM Ha6jno- 

JJ,eHHH H MOflejIHpOBaHHH 3MHCCHOHHBIX JIHHHH MOJieKyjI, o6bIHHO, HaHH- 

HaeTca c H3yHCHHH 4>h3hhcckhx ycjiOBiiii b hpkhx jihhhhx MOHOOKCHjj,a 
yrjiepojj,a, CO. 3th jihhhh jierKO B036y?Kjj,aK)TCH ysce npn Taxnx hh3khx 
njiOTHOCTHx ra3a KaK ~ 10 3 — 10 4 cm -3 , a noTOMy b njiOTHbix npoTO- 
njianeTHbix /niCKax 3acejieHHOCTb ypoBHeii CO cooTBeTCTByeT JITP. JIh- 
hhh rjiaBHoro H30Tonojiora 12 C 16 - onTHiecKH TOjiCTbie h Han6ojiee 
apKne, noaTOMy H3Mepaa hx hhtchchbhocth mojkho oueHHTb khhcth- 
necKyio TeMnepaTypy ra3a b BepxHHx o6jiacTHx jthckob, a TaKsce nojie 
CKopocTeft, opHeHTan;HK), h reoMeTpnio ( [20J). 3MHCCH0HHbie jihhhh Me- 
Hee o6njibHbix H30TonoB, 13 C 16 h 12 C 18 0, o6biHHO, onTHnecKH tohkhc 

HJIH HaCTHHHO OnTHHeCKH TOJICTbie. Hx HHTGHCHBHOCTH HyBCTBHTejIbHbl 

o^HOBpeMGHHO k TeMnepaType ra3a h noBepxHOCTHOii hjiothocth sthx 
MOjieKyji. Ifeynaa KHHeMaTHKy ra3a b sthx jihhhh. 6bijio ycTanoBjieHO, 

HTO B flHCKaX eCTb Typ6yjieHTHOCTb, C THnHHHblMH JTpSByKOBblMH CKOpO- 
CTHMH JXBHIKeHHH ~ 0.05 - 0.2 KMC" 1 ( [28j [29] ) ■ 

Bbijio Haiijj,eHO, hto pa3Mep jthckob 3aBHCHT ot Toro, KaKHM cno- 
co6om ero oneHHBaiOT: caMbie MajieHbiaie BejiHHHHbi nojiynaiOTCH H3 
Ha6jnojj,eHHft TenjiOBoro H3jiyneHHH nbijin, b to BpeMH KaK b jihhhhx 
12 C 18 0, 13 C 16 0, h 12 C 16 0, jthckh KajKyTCH Bee 6ojiee h 6ojiee 6ojibiHH- 
mi, BnjiOTb ,11,0 pajTiiycoB b 300 — 1000 a.e. flocTOBepHO oneHHTb pa^n- 
yc jthckob H3 Ha6jnojj,eHHH TenjiOBoro H3JiyHeHHH nbijin noKa He npejr- 

CTaBJIHeTCH B03MOJKHBIM H3-3a TOrO, HTO He XBaTaeT HyBCTBHTejIbHOCTH 

pajTHOTejiecKonoB. ,ZLth H30TonojioroB CO pa3HHHa b oiieHKax pa3Me- 
poB o6ycjiOBjieHa nacTHHHO HexBaTKOii nyBCTBHTejibHOCTH TejiecKonoB. 
h nacTHHHO - cejieKTHBHOH (h30tohhoh) <pOTOjj,HCCon,Haii,HeH, npn KOTO- 
pofi ochobhoh H30Tonojior. 12 C 16 0, pa3pyniaeTCH MejrjieHHee, neM Me- 
Hee pacnpocTpaHenHbie H30TonojiorH 12 C 18 h 13 C 16 0. TaKsce 6bijio 
nojiyneHO, hto 6ojibiHHHCTBO jthckob o6jiaflaiOT rpajriieHTOM KHHeTHHe- 
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ckoh TeMnepaTypti ra3a b BepTHKajibHOM HanpaBjieniiii, Kax h npejj,CKa- 
3biBaeTCH coBpcMCHHbiMH MO/i,ejiHMH, c TeMnepaTypaMH okojio 10 K B 
n,eHTpajibHoii o6jiacTH i 50 K - b MOjiexyjiapHOM cjioe ( [231 1301 131]). 

ECTB H HCKJHOHeHHH, 'A HMeHHO CHJIbHO npOSBOJIIOHHOHHpOBaBIHHe flHCKH 

c 6ojiee oflHopo/nibiM pacnpeflejieHHeM TeMnepaTypbi H3-3a hx oco6eH- 

HOH (pH3HHeCKOH CTpyKTypbl, B KOTOpblH OflHOBpeMeHHO npHCyTCTByiOT 

MajieHbKHe nbijiHHKH bo BHeniHeii nacTH, h 6ojibniHe nbijiiiHKH (a MOJKeT, 
y>Ke h njiaHeT03HMajin) bo BHyTpeHHeii nacTH, nanpHMep, FM Bo3HHHe- 
ro (GM Aur) ii JlKna 15 (LkCa 15) ( [32, 33J). B o^hom MacciiBHOM 
ii npoTajKeHHOM fliiCKe y ,H,M Tejibua 6biji o6HapyaceHO npiicyTCTBne 
oneHb xojioflHbix (~ 10 — 15 K) ra30B, Taioix KaK CO, CCH, HCO + , CN 
and HCN. ,H,aHHbiH (paKT noxa He mojkct 6biTb jjpcTOBepno o6 r bacHeH b 
paMKax coBpeMeHHbix acTpoxiiMiiHecKiix MOflejieii. 

^jih MOJiexyji c 6ojibniHM ,zninojibHbiM momghtom, neM y CO 
(0.112 J\eQ'An) Tpe6yeTCH 6ojiee BbicoKaa njiOTHOCTb ra3a ,n,jia B036y»c- 
fleHHH BpamaTejibHbix nepexo^OB. Ilocjie jihhhh MOHOOKCH/ja yrjiepo,n;a, 
HCO + (c ,u;iinojibHbiM MOMeHTOB 3.92 Jle&'Aa)- BTopaa Han6ojiee jierxo 
Ha6jiioflaeMaa xHMHHecKan cneinia b fliicxax. BpamaTejibHbie nepexo/nj 
SToro iiOHa TepMajiii3yiOTca: ysce npii iuiothocthx ra3a okojio 10 5 cm -3 , ii 
HyBCTBiiTejibHbi k njiOTHOCTii ra3a. 3to ojj,iih ii3 caMbix pacnpocTpaHeH- 
hbix hohob b npoTonjiaHeTHbix fliicxax (jjpyrne hohh, He Ha6jnojj,aeMbie 
b paflHO-fliiana30He, sto C + ii H^"). HHorjj,a b /niCKax yuaeTCH OTHa- 
6jnojj,aTb jihhhii N2H + (^HnojibHbiii momcht 3.37 ,H,e6aa). Hcnojib3yH 
Ha6jno/i,eHiiH 3thx flByx hohob 6bijio ycTaHOB jieHO , hto CTeneHb hohh- 
3ainiH MOjieKyjiapHoro cjioa jj,HCKa cocTaBjiaeT ~ 10~ 10 — 10~ 9 , xax h 
npe,ncKa3biBaeTCH xhmhh6ckhmh MO^ejisMH. 3toh BejiHHHHbi jjpcTaTOH- 
ho fljiH 3(p(peKTHBHoro B3aHMOjj,e{icTBHH ra3a H MarHHTHOrO nOJIH H, T.O., 
fljia o6pa30BaHHH Typ6yjieHTHOCTH b /niCKax ( [26J). 

.JIhhhh ocTajibHbix MOjieKyji h hohob em,e MeHee apKne, h Tpe6yK>T 
6ojibinoro KOjiHnecTBa Ha6jnojj,aTejibHoro bpgmghh jxame Ha caMbix nyB- 
CTBHTejibHbix HHTep(p6pOM6Tpax. HanpHMep, 6mjio ycTaHOB jieHO , hto 

OTHOHieHHe HHTeHCHBHOCTeft JIHHHH C2H H CN K HCN 3aBHCHT OT HH- 

TeHCHBHOCTH h (popMbi YO cneKTpa 3Be3flbi ( |34|). T.e., HeM Bbime hh- 

TeHCHBHOCTb Y<1> H3JiyHeHHH 3Be3flbI, TeM 6ojiee 06HJIbHbIMH CTaHOBSTCH 

paflHKajibi C2H h CN. DCO + h DCN HMeiOT OTHOCHTejibHO bmcokhc 
KOHH,CHTpan;HH no cpaBHeHHio c ochobhmmh H30TonojioraMH HCO + h 
HCN, ~ 1— 10%, xoth KOCMHnecKoe OTHOHieHHe sjicmchtob D/H cocTaB- 
jiaeT TOJibKO okojio 10 -5 ( |35|). IIoKa HenoHHTHO, hto o6ycjiaBjiHBaeT 
TaKyio BbicoKyio CTenenb cppaKH,HOH3ipoBaHHH fleftTepHa b sthx MOjieicy- 
jiax: c oflHoft dopoHbi, sto MO»ceT 6biTb "Hacjie,znie" xhmhhgckoh sbo- 
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jhoihih b xojio,a,Hbix MOJieKyjiHpHbix o6jiaKax, hjih a:e Tame npoireccbi 
MoryT 3(p<peKTiiBHO npoTeKaTb b xojio,znibix nacTax jthckob. 

O^hh H3 Han6ojiee BajKHbix Ha6jno,n,aTejibHbix pe3ynbTaTOB Kacaio- 
nrHxca xHMH^ecKoro cocTaBa npoTonjiaHeTHbix /hickob coctoht b tom, 
hto H3MepeHHbie o6hjihh MOJiexyji OKa3biBaiOTca cncTeMaTHnecKH b 
5-100 pa3 HHJKe, HeM b MOjieKyjiapHbix o6jiaKax b o6jiacTH Majio- 
MaccHBHoro 3Be3floo6pa30BaHHH b Tejibne ( [28J). 3to c^tacHaeTCH 60- 
jiee CHjibHbiM BbiMopajKHBaHHeM ra30(pa3Hbix MOjiexyji b xojioflHbix h 
njiOTHbix u,eHTpajibHbix o6jiacTHx jthckob, a Taic-Ke hx 6biCTpoii <po- 
TOjiriccoinianTieH b chjibho HOHH3HpoBaHHOii aTMOCcpepe. npncyTCTBne 
6ojibiiioro KOjiH^iecTBa jibjrpB b xojio/nibix nacTHx jthckob 6bijio 06- 
HapyjKeno c noMonibio HHcppaKpacHoii Kocmhhcckoh 06cepBaTopHH 
(Infrared Space Observatory; ISO) h Tejiecxona "CmiTiiep" ( [8, 36J). 
B ochobhom, ohh coctoht H3 BOjrbi c npHMecbio (~ 1 — 30%) 6ojiee 
cjiojKHbix coejTHHCHHH, HanpiiMep, CO, CO2, NH3, CH4, H2CO, and 
HCOOH ( |37|). C noMonxbK) "CnnTnepa" 6mjih HaftfleHbi KOjie6aTejibHO- 
BpamaTejibHbie h KOjie6aTejibHbie jihhhh TaKHx MOJieKyji KaK CO, CO2, 
C2H2, HCN, H2O h OH, KOTopbie pjw B036y»c^,eHHH Tpe6yiOT TeM- 
nepaTyp Bbiine ~ 300 — 1 000 K. Bmjio o6Hapy»ceHO, hto OTHomeHne 

HHTeHCHBHOCTeil JIHHHH HCN K C2H2 HyBCTBHTejIbHO K HHTeHCHBHOCTH 

HOHH3HpyK>mero H3JiyHeHHH SBespju. C noMom>K) TejiecKona 'Tepmejib" 
HanajiHCb nojrpo6nbie HCCJiejipBaHira xHMHiecKoro cocTaBa aTMOcepepbi 
jthckob, b nacTHOCTH, nyTeM Ha6jnojieHHH HHcbpaKpacHbix nepexojipB CII 
(158 mkm) h 01 (63 mkm), a TaKJKe jihhhh jienoix hohob (CH + , OH + , 
H 2 0+, HS+), cm [S3 [39]. 

B Ta6jiHH;c[T]npHBCfleHbi na6jnojiaeMbie MOjieKyjispHbie jihhhh, koto- 

pbie HCnOJIb3yK)TCH flJIH HCCJieflOBaHHH CpH3HHeCKHX yCJIOBHit b pa3Hbix 

o6jiacTeft npoTonjiaHeTHbix jthckob. 

3. OSinaa cxeMa xHMHHecKoii CTpyKTypbi 
npoTonjiaHeTHoro flHCKa 

06inaii cxeMa CTpyKTypbi npoTonjianeTHoro jriiCKa y Majio- 
MaccHBHOft 3Be3;xbi noKa3aHa na pncyHKe [TJ 

nepeHOC h coxpaHCHHe yrjiOBoro MOMeHTa b npoTonjianeTHOM jihc- 
Ke 3a cneT Typ6yjieHTHOH bsbkocth ra3a o6ycjiaBjiHBaeT ero flHHaMEie- 
CKyio ( "BH3Kyio") SBOjnoHHio. HpH 3tom 3HaHHTejibHaH jtojih BemecTBa 
(~ 80%) nepeHOCHTCH k 3Be3,ne, a ocTajibHoe BemecTBO yHOCHT yrjiOBOii 
MOMeHT Hapyxy. 3tot nponecc npHBOjTHT k TOMy, hto pajrnajibHoe pac- 
npeji;ejieHHe noBepxHOCTHoft hjiothocth no jiHCKy MoaceT 6biTb c xopo- 

9 




Puc. 1. CxeMa npeflnojiaraeMofi (J>h3iih6ckoh h xiimh^icckoh CTpyKTypti npo- 
TonjiaHeTHoro flHCKa BOKpyr MOjiofloii Majro-MaccHBHoit 3Be3flbi Tiina CojiHna 
(paccToaHHH noKa3aHbi He b MacniTa6e). PncyHOK no3aHMCTBOBaH 113 pa6o- 
tbi [40]. 
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men tohhoctbio onucaHO CTeneHHbiM 3aKOHOM, c noxasaTejieM CTeneHii 
okojio -3/2. fljin MO^ejiH CojraeHHon TyMaHHOCTH |41] noBepxHOCTHaa 
njiOTHOCTb Ha 1 a.e. cocTaBjiaeT okojio 1700 rcir 2 . B BepTHKajiBHOM 
HanpaBjieHHH, njiOTHOCTb flHCKa na^aeT SKcnoHemniajibHO, b to BpeMH 
KaK TeMnepaTypbi nbijiH n ra3a pacTyT, npnneM, HannHaa c HeKOTopoii 
BbicoTbi ra3 CTanoBHTBCH ropanee neM nbijit (ii3-3a MeHee scpcpeKTHB- 
Horo oxjiajK^eHHs n HarpeBa HHTeHCHBHbiM H3jiyHeHHeM neHTpajibHOH 
3Be3;x£>i). TaK»ce, TeMnepaTypa B03pacTaeT no HanpaBjieimio k 3Be3jj,e, 
npHHeM, Ha paccTOHmrax < 0.1 a.e., rjj,e TeMnepaTypa CTaHOBHTca Bbinie 
1 500 — 2 000 K, HanHHaeTCH ncnapeHne nbijin. HcnapeHne jib/job Hann- 
HaeTca ropa3jj,o paHbnie, Ha paccTOHHira ~ 3 a.e. (T ~ 100 — 150 K) 
HcnapaeTca BOflaHoft Jiejj,, a Ha ~ 20 — 50 a.e. (T ~ 20 K) ncnapaeTCH 
CO jiefl. 

IlpOHHKHOBeHHe B JTHCK HOHH3HpyK)inerO Y<J> H peHTreHOBCKOTO 

H3jiyHeHna 3Be3/i,bi onpejrejiHeTCH norjioinaioinHMH h paccenBaioinHMH 
CBoncTBaMH nbijin, a TaKJKe pacnpe^ejieHneM njiOTHOCTH rasa, n SHeprn- 
evL cpOTOHa / HacTHHM. Tax, HanpnMcp, y<3? rajiyneHHe nonTH nojmocTbio 
6jiOKnpyeTCH jiyneBofi KonneHTpannen BeinecTBa < 0.01 r cm~ 2 (aTMO- 
c<pepa n BepxHaa nacTb MOjieKyjiapHoro cjioh), b to BpeMH KaK jijih 

JKeCTKHX peHTreHOBCKHX (pOTOHOB (1 — 5 K3B) 3Ta BejIHHHHa COCTaBJIH- 

eT 0.1 — 1 r cm - (aTMOCcpepa n MOjieKyjiapHbifi cjioft), a pejiaTH- 
bhctckhx HacTnn, KOCMH^ecKHx jiynen - 100 r cm -2 (npaKTHnecKH Beet 
jxhck). 

CoOTBeTCTBeHHO, C XHMHHCCKOH TOTKH 3peHHH, BeCb JTHCK MO>KeT 

6biTb nojrejieH Ha 4 ocHOBHbie o6jiacTH (xapaKTepH3yeMbie, b ochobhom, 
pa3JiHHHOit TeMnepaTypofi n HHTeHCHBHOCTbio HOHH3HpyioiHero H3Jiyne- 
hhh). BHyTpeHHsa o6jiacTb cooTBeTCTByeT o6jiacTH o6pa30BaHHH njia- 
HeTHOii cncTeMbi (c pajrnycaMH < 20 — 50 a.e), KOTopaa jjpcTynHa jtjih 
Ha6jnojj,eHHH c noMombio BbicoKOKjiaccnbix HHcppaKpacHbix TejiecKonoB 
(h, b 6yjTymeM, c ALMA). BHeniHHH o6jiacTb jrncKa (> 20 — 50 a.e) jjp- 
CTynHa jijih Ha6jnojj,eHHn b pajj,no-jj,nana30He c coBpeMeHHbiMH HHTep- 
(pepoMeTpaMH n, b cboio onepejib, coctoht h3 3 BepTHKajibHbix cjiocb: 
SKBaTopnajibHoro (neHTpajibHoro), Tenjioro MOjieKyjiapHoro cjioa h aT- 
Moccpepbi. 

IijiOTHaH (> 10 8 cm -3 ) SKBaTopnajibHaa nacTb nojmocTbio Henpo- 
3panHa jtjih BHenmero noHHBHpyioinero nsjiyHeHHH (HK, peHTreH) H3-3a 
norjiom,eHHH nbijibio, a noTOMy ocTaeTCH xojiojthoh (10 — 20 K) h npaK- 
THnecKH xHMHnecKn HeirrpajibHOH. XnMHHecKne nponeccbi b stoh na- 
cth flncKa CHanajia npoTeKaiOT b ra30B0ii <pa3e, 3a cneT 6biCTpbix hoh- 
MOjieKyjiapHbix peaKnnfi, ho, BCJiejrcTBHe nocTeneHHoro BbiMopajKHBa- 
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hhh MOjieKyji Ha ntuib ocHOBHyio pewit. HaniraaiOT nrpaTb MefljieHHbie 
noBepxHOCTHbie peaKiniH (b ochobhom, c ynacTHeM pa/niKajiOB h aTO- 
mob BO/ippo/ja) . MojieKyjibi, o6pa30BaHHbie Ha hjih npHjinnrnne k nbi- 
jiHHKaM, e/nm jih MoryT ,a,ecop6HpoBaTb o6paTHO b ra3. XapaKTepHoe 
BpeMa xHMHiecKMx nponeccoB b xojio/i,hoh neHTpajibHoii o6jiacTii ^iicxa 
onpe,nejiaeTCH MefljieHHbiMH noBepxHOCTHbiMH peaKHHHMH h cocTaBjis- 
eT okojio > 10 5 — 10 6 jieT (^jih paflnycoB ~ 100 — 300 a.e.). Bjihjkb k 
3Be3fle, n,eHTpajibHaH o6jiacrb /niCKa ("BHyTpeHHaa o6jiacrb") CTaHOBHT- 
ch ropanee (> 100 K), b tom nncjie h H3-3a aKKpeiniOHHoro HarpeBa, 

HTO CBOJTHT pOJIb XHMHH JlbflOB Ha HeT, H XapaKTepHOe XHMHieCKOe Bpe- 

mh CTaHOBHTCH KopoTKHM (~100 jier). IIo3TOMy b Toft HacTH ,zniCKa, r,n,e 
o6pa3yiOTca njiaHeTbi, xhmhhcckhc nponeccbi HaxoflHTCH b paBHOBecHH, 
hto nc>3BOjifleT cepbe3HO ynpocTHTb hx MOflejinpoBaHne nyTeM ncnojib- 

30BaHHH TepMOflHHaMHHeCKHX MOflejieft. 

Cpa3y Hafl H,eHTpajibHOH o6jiacTbio Haxo/niTCH 6ojiee Tenjibiii (T ~ 
30 — 70 K), MeHee njiOTHbifi (~ 10 6 — 10 7 cm" 3 ). nacTHHHO o6jiynae- 

Mblft HOHH3HpyK>IHHM H3JiyHeHHeM, MOJieKyjIHpHblft CJIOH. XHMHHeCKaH 

sbojiiohhh b stoh nacTH flHCKa onpeflejiaeTca:, b ochobhom, scpcpeKTHB- 
hmmh B3aHMOfleiicTBHHMH MejKjxy npoii,eccaMH, npoTeKaioiHHMH b ra3e 
h Ha noBepxHOCTH nbijin, h peryjinpyercH y<J> h peHTreHOBCKHM rojiy- 
HeHHCM n,eHTpajibHOH 3Be3flbi ( [3]). 06pa30BaHHe cmibHoro YO-nojia 
HeTenjiOBOii npnpoflbi b 3Be3,i];ax rana T Tejibua CBH3aHO c hx noBbimeH- 
Hoii xpoMOCcpepHoii aKTHBHOCTbio h aKKpcinieii BemecTBa /nicita Ha 3Be3- 
py ( [42J). IIo^,o6HbiM jKe o6pa30M reHepnpyeTCH HHSKO-SHepreTH^ecKoe 
peHTreHOBCKoe H3JiyneHHe, b to BpeMH KaK 6ojiee xecTKHft peHTreH 06- 
pa3yeTCH b ropannx aKKpcHHOHHbix flxeTax h 3a cneT BcnbinieHHOii aK- 

THBHOCTH MOJIOflOH 3BC3flbI (HanO/],o6He COJIHCHHOH aKTHBHOCTH, TOJIbKO 

b tmchhh pa3 6ojiee cnjibHoii), cm. [43 . PeHTreHOBCKHe h ycp-cpOTOHbi 
HOHH3npyiOT ra3, npiiBOiXHT k /niccoiniaHHH MOjiexyji b ra3e h Bbi6HBaiOT 

HX C nOBepXHOCTH nblJIHHOK. IIOBbHHeHHOe KOJIHHeCTBO CJIO>KHbIX HOHOB 

h pa^HKajiOB, a Taitsce nocTOHHHbm o6mch bgihgctbom MejK^y ra30M h 
jieflHHbiMH MaHTHHMH o6ycjiaBjiHBaiOT 6oraTbiii xhmhhcckhh cocTaB Ten- 
jioro MOJieKyjiapHoro cjioh. B HeM OTHOCHTejibHbie KOHneHTpainiH mho- 
thx MOJiexyji floCTHraiOT CBoero nHKa, h 6ojibiHHHCTBO smhcchohhbix jih- 
hhh o6pa3yeTCH hmchho 3^ecb. H3-3a 6ojibnioro HHCJia pa3HOo6pa3Hbix 
xHMHnecKHx nponeccoB, aKTHBHbix b MOjieKyjiHpHOM cjioe, BpeMH flOCTH- 
jkchhs xiiMHHecKoro paBHOBecHH conocTaBHMO c, hjih flaxe npeBHinaeT 
jkh3hh npoTonjianeTHoro /niCKa, > 1 MHjijiHOHa jieT. 

HaKOHen,, Hafl MOjieKyjiapHbiM cjioeM HaxojjiiTCH ropHHaa (T ~ 100 — 
— 10 000 K), pa3pejKeHnaa (< 10 5 cm -3 ), h chjibho HOHH30BaHHaa aT- 
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Moccpepa ,a,HCKa. B Heft npaKTHnecKH HeT HHKaKnx MOjieKyji h cjicc-k- 
hhx hohob, 3a HCKjironeHHeM MOjiexyjiapHoro BO^opofla h TaKHx cpOTO- 
CTa6HjibHbix paflHKajiOB, xax CCH h CN. XiiMmecKiie npc-Heccbi b aTMO- 
ccpepe npoTeKaiOT HCKjiiOHHTejibHO b ra3e, h coctoht h3 (pc-TO-peaKin-ift 
h peaKHiift fliicconiiaTHBHOft peKOM6HHauiiH. XapaKTepHoe BpeMH xhmh- 
necKoft sbojhohhh aTMOcepepti flHCKa cocTaBjiaeT Bcero okojio ~100 jieT 
(fljia - 100 - 300 a.e.). 

B cjieflyioiHiix pas^ejiax o63opa 6ojiee no^po6HO paccKa3biBaeTC5i o 
pa3Hbix THnax xhmhh6ckhx nponeccoB, aKTHBHbix b 4 ochobhbix o6jia- 
cthx npoTonjiaHeTHBix ahckob. 

4. Ta30cJ}a3HciH xhmh3 

CoBpeMeHHbie acTpoxiiMii^iecKiie Moppjm co/i,ep}KaT flaHHbie o tmch- 
nax peaKHiift, KOToptie MoryT 6biTb aKTHBHbi b KOCMHnecKHx ycjiOBHax 
( |4#46j ) . K cc»KajieHiiio, tojibko jihhib 10 — 20% H3 hhx xopoino royne- 
hbi b jia6opaTopHH hjih nyTeM cjiojkhmx KBaHTOBO-MexaHHHecKHx pac- 
hctob. IIosTOMy He ctoht 3a6biBaTb o tom, hto pe3ynbTaTbi jiio6oro acr- 
poxHMHnecKoro MOflejinpoBaHHs oGjiaflaic-T BHyTpeHHe-o6ycjiOBjieHHbiMH 

HeTOHHOCTSMH C OIHIl6KaMH B paCHeTHblX KOHHeHTpaHHHX B HeCKOJIbKO 

pa3 ( |47l 148)). Bee sth thcoth peaKinift MoryT 6bitb noflejieHbi Ha 4 
ocHOBHbie rpynnbi, KOTOptie cooTBeTCTByiOT 4 xhmhhcckhm perHOHaM 
flHCKa (cm. Ta6jiHH,y[21 aflanTHpoBaHHyro 113 [49 ). 
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Ta6Awufl, 2. Tiinbi xhmhhcckhx npou,eccoB, aKTHBHBix b npoTonjiaHeTHBix fliiCKax 
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<D oTOfl h c c o u,h an; ha 


AB -f hi/ — >■ A + B 





X 


X 


X 


p H,HCCOIJ 1 Iiaij;HSI KOCMHMCCKHMH 


AB + CRP -> A + B 


X 


X 








jiynaMH 












^HCcoi;Haij;Hsi peHTreHOM 







X 


X 


X 


/^HCCOI^HaTHBHaa 


AB+ - c" -> A + B 


X 


X 


X 


X 


pCKOM6llHaU,IlH 












()f)MC H CBfl3flMH 












HcHTpajit-HCHTpajibHaa 


A + BC -> AB + C 


X 


X 





X 


pcaKi^HH 


A+ + BC -> AB+ + C 










HoH-MOJicKyjisipHaii pcaKii;Ha 


X 


X 


X 


X 


IlcpcpacnpcflCJicHHC sapufla 


A+ + BC -> A + BC + 


X 


X 


X 


X 


CoxpaiioiiHO cBH3eH 












OoTOHOHH3aU,HH 


AB + hv AB+ + e~ 





X 


X 


X 


HoHH3aU,IlIl KOCMHMeCKHMH 


AB + CRP -> AB+ + e" 


X 


X 








jiynaMH 












HoHHSai^HH pCHTfCHOM 







X 


X 


X 



IIOHTH BO BCGM ,H,HCKe 6ojIbHIHHCTBO cLKTHBHBIX XHMHHeCKHX pe- 

aKn;HH - sto KHHeTHnecKiie nponeccbi nepBoro (HanpHMep, MOJiexyjia 
njnoc (pOTOH) hjih BTOporo (HanpHMep, hoh njnoc MOjiexyjia) nopaflKOB. 
B caMOii BHyTpeHHeii Hacra flHCKa, npii hjiothocthx, npeBbiinaioinHx 
~ 10 10 cm -3 , CTaHOBHTca aKTHBHbiMH Taicsce Tpex-nacTHHHbie nponec- 
cm (HanpHMep, MOjiexyjia njnoc MOjiexyjia njnoc MOjieKyjia). Ochobhmmh 
nponeccaMH, 6jiaroflapa KOTopbiM HannHaeTca o6pa30BaHHe MOjieKynap- 
Hbix CBH3eii, HBjiaiOTca Me,a,jieHHbie peaKHHH pa/n-iaTHBHOH acconnannH 

H nOBepXHOCTHbie peaKHHH. C HeKOTOpOH BepOHTHOCTbK) CTOJIKHOBeHHH 

b ra3e MoryT npnBecTn k o6pa30BaHnio Tax Ha3biBaeMoro ctojikhobh- 
TejibHoro KOMnjieKca, HaxoflHineroca b B036yjK,ii;eHHOM coctohhhh, ko- 
Topbin jih6o CTa6njiH3npyeTca: nyTeM nepen3jiyHeHHH H36biTKa SHeprnn 
(pOTOHOM(-aMn), jih6o CHOBa pacna,n,aeTC» ( |50]). HanpHMep, o6pa30Ba- 
Hne yrjiepoflHbix nenoneK HanHHaeTCH c pa/niaTHBHOii acconnannH mcjk- 
py C+ h H 2 b CH+ ( [51]). 

,H,ajiee, bhobb o6pa30BaHHbie MOjieKyjibi h mohh HannnaiOT pearnpo- 
BaTb APy r c APyroM nocpe^CTBOM 6biCTpbix HOH-MOjieKyjiHpHbix peax- 
n,nfi. 3th peaKHHH 3K30TepMHHHbi, T.e. npoTexaiOT c BbmejieHneM Ten- 
jia h He oSjia^aiOT SHepreTHiecKHMH 6apbepaMH, h o6jia,n,aiOT 6ojibihh- 
mh K03(pcpHD^HeHTaMH CKopocTeii, ~ 10~ 9 cm c , KOTopbie 3anacTyio 
yBejiHHHBaiOTca npn yMeHbnieHHH TeMnepaTypbi 3a cneT KynoHOBCKO- 
ro npHTajKeHHH MejK^y hohom h neHTpoM 3apHiia MOjiexyjibi ( [52 J. 
HoH-MOJieKyjiHpHbie peaKinin npHBO^HT k nepepacnpe^ejieHHK) MOJieicy- 
jiapHbix CBH3eii Mess^y peaKTaHTaMH. 3tot the xhmhhcckhx nponeccoB 
cocTaBjiaeT HaH6ojibniyio ,h,ojho peaKiniii b acTpoxHMHnecKHx MO^ejiax. 

C ,n,pyroH ctopohh, MOjiexyjiapHbie hohbi MoryT CTajiKHBaTbca c 

SJieKTpOHaMH HJIH 3apHJKCHHBIMH nblJIHHKaMH, /HlCCOHHaTHBHO peKOM- 

6nHHpoBaTb , h pacna^aTbca Ha HecKOjibKO cpparMeirroB. 3th nponeccbi 
TOJKe npoxoflHT c BbiflejienneM SHeprnn, KOTopaa npeBpainaeTca b kh- 
HeTHiecKyio SHeprnio npo/ryKTOB /nicconiiauHH. THnnnHbie KOHCTaHTbi 
CKopocTeii peaKHiin /piccoHHaTHBHOH peKOM6HHannH cocTaBjunoT okojio 
10~ 7 cm _3 s _1 npn 10 K ( [45j). ITpaKTHnecKH pjisi Bcex Ha6jno;iaeMi>ix 

MOJieKyjI B flHCKaX peaKUHH JTHCCOITHaTHBHOH peKOM6HHan,HH HBJIHMT- 

ch BajKHbiM KaHajiOM hx o6pa30BaHHH (nanpHMcp, ^jih bojtbi h yrjieBO- 
flopoflHbix nenoHeic). 3anacTyio, Ha no3,zi,HHx STanax sbojhohhh flncica, 
> 10 5 jieT, CKopocTb pa3pynieHHH MHoroaTOMHbix hohob 3a cneT jthcco- 
n;HaTHBHOH peKOM6HHaHHH ypaBHOBCinHBaeTCH peaKHneii npoTOHHpoBa- 
hhh, T.e. ,zi,o6aBjieHHeM npoTOHa 3a cneT HOH-MOjieKyjiHpHOH peaKinin c 
Hg". HanpHMep, nponecc CO + H^ — > HCO + + H 2 ypaBHOBeniHBaeTCH 
peaKniien HCO + + e~ — > CO + H. K co*;ajieHHio, He Tax npocTO tohho 
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TeopeTHnecKH npeflCKa3aTt> hjih H3MepnTb b jm6opaTopioi to cootho- 
niCHHC o6hjihh pa3Ht>rx cpparMeHTOB. Ha KOTopoe pacna^aeTCH cjiojkhmh 
MOjieKyjiHpHbiii hoh ( [53J). 

Othochtcjibho HeflaBHO 6bijio noKa3aHO, hto HexoTopoe KOjinne- 
ctbo HeiiTpajib-HeHTpajibHbix peaKniiii, BKjnonaioinHx pajriiKajibi, MoryT 

6bITb aKTHBHBIMH B KOCMHieCKHX yCJIOBHHX ( |54|). KoHCTaHTbl CKOpO- 

CTeii 3thx nponeccoB cocTaBjraiOT ~ 10~ n -10~ 10 cm s , hto Bcero 
jiHinb na HecKOjiBKO nopajxKOB MeHbine, nem b cjiynae 6bictpbix hoh- 
MOjieKyjiapHbix peaKu,HH ( [55]). Oflna H3 Han6ojiee BajKHbix peaKHiiii Ta- 
Koro Tnna b npoTonjiaHeTHbix flHCKax npHBOjTHT k o6pa30BaHHio HCO + 
ii3 O h CH. 

5. OoTOXHMHHecKne npou,eccbi 

Mojio/i,bie 3Be3flbi Tnna T Tejibna (T e g ~ 4 000 K) o6jia/i,aiOT mohi- 
hbim y<J> nojieM, cneKTp KOToporo OTjinnaeTca ot cneKTpa MejK3Be3^,Horo 

yO H3JiyHeHHa, B HaCTHOCTH, HajIHHHeM CHJIBHOH 3MHCCHOHHOH JIHHHH 

JIaHMaH-ajib(pa (121.6 hm; |34J). HHTerpajibHaa HHTeHCHBHOCTb YO H3- 
jiyneHHH Ha paccTOHHHH 100 a.e. ot TaKoii 3Be3,nbi mojkgt 6ojiee neM b 
cothh pa3 npeBbiinaTb HHTeHCHBHOCTb MejK3Be3flHoro yep nojia ( [56J). 
Pa3pyineHHe MOjiexyji yjibTpacpnojieTOBbiMH cpOTonaMH mojkct nponcxo- 
jxart, HecKOjibKHMH nyTHMH, b lacTHOCTH, jih6o 3a cier norjiomeHHH cpo- 
tohob onpe,nejieHHbix SHeprnii, jih6o 3a cneT norjiomeHHH b KOHTiiHyy mc , 
jih6o cpa3y 3a cneT o6ohx MexaHH3MOB. IIpH stom BajKHyio pojib nrpa- 
eT pacnpeflejieHHe norjioinaioincH YO nbijin (cy6-)MHKpoHHoro pa3Mepa 
no fliiCKy, KOTopoe MOJKeT 3HaHHTejibHO H3MGHHTB scpepeKTHBHOCTb npo- 
HHKHOBeHHH noHH3Hpyioinero H3JiyHeHHH bo BHyTpemnie nac™ ( [57J). 
HanpiiMep, TaKHe BajKHbie pjin royneHHH jthckob KaK CO, H 2 , h CN, 
pa3pyinaiOTCH nyTeM norjiomeHHH YQ-cpOTOHOB onpejrejieHHbix SHeprnn, 
A < 1 100 A, a noTOMy He nyBCTBHTejibHbi k najiHHHio (hjih OTcyTCTBHio) 
moihhoh smhcchohhoh jihhhh JlaiiMaH-ajibcpa b YO-cneKTpe. ^pyrne 
cneirHH, HanpHMep, HCN h CH4, pa3pyinaiOTca YQ-cpOTOHaMii MeHb- 

HIHX SHeprHH, nOSTOMy 3(pCpeKTHBHOCTb HX (pOTOJTHCCOlTFiaHIlH 3aBHCHT 
OT HHTeHCHBHOCTH JIHHHH JlaHMaH-ajIblpa ( [49, 58J). HjVieHHO 3TIIM (paK- 

tom o6 r bHCHHeTCH Ha6jno/i,aeMoe noBbinieHHoe OTHonieHne KOHneHTpaniiii 
CN k HCN b jriicKax ( EU)- 

TaK KaK jTHCCOHHainis: HpesBbiHaiiHO pacnpocTpaHeHHbix MOjieKyji 
BOjj,opojj,a h MOHOOKCHjj;a yrjiepojj,a npoiicxojjiiT nyTeM B3aHMOjxeHCTBHH c 
YO-(pOTOHaMH onpejj,ejieHHbix (bbicokhx) SHepraii, ee scpepeKTiiBHOCTb 
3aBHCHT He TOjibKO ot KOjiHHecTBa norjioinaioiHiix nbijinHOK b cpejj,e, 
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ho ii ot KOjiinecTBa caMiix H2 11 CO Ha nyrn pacnpocTpaHeHHH y<E> 
H3jiyHeHHH. KajKflbiit nponecc pa3pynieHHH sthx MOjiexyji npHBO/niT k 
"Bbie^aHHio" SHepriiH H3 YO cneKTpa Ha onpeflejieHHbix nacTOTax, hto, 
xoTb h Majio CKa3BiBaeTCH Ha nojiHoii hhtbhchbhocth yjibTpacpnojieTOBO- 
ro H3JiyHeHHH, yMeHbinaeT BepoaTHOCTb flHCCOHiiainiH b nocjie/jyionnix 
cjiynaax ( MexaHH3M caM03aiHHTbi ot d)OTO^HCCoiniainiH, self-shielding). 
JIjir H2 h CO KpiiTiinecKiiM jryqeBtiMH KOHneHTpainiHMH ra3a,n,jiJi npaK- 

THHeCKH nOJIHOfi OCTaHOBKH (pOTOflHCCOH,HaH,HH HBJIJHOTCH ~ 10 14 CM~ 2 
II ~ 10 21 CM ^ , COOTBeTCTBeHHO ( |59l 160) ). 

O^HaKO, 3to ycjiOBne BbinojinaeTCfl: tojibko ^jih rjiaBHbix H30Tono- 
jioroB H2 11 12 C 16 0. MeHee pacnpocTpaneHHbie H30TonojrorH HD, D2, 
13 C 16 0; i2c 18 0, 13 C 18 0, 12 C 17 fficcoHHHpyiDT ny T e M norjiom,eHHH 
yO (pOTOHOB HeMHoro flpyrnx aHeprnii, a noTOMy MexaHH3M caM03a- 
mHTbi ot dpoTO/jHCCOHiianiiH b flHCKax pjisL hhx He pa6oTaeT (hjih 3<p- 
cpeKTHBeH jiiihhj HacTHHHo). TaKiiM o6pa30M, nojiynaeTCH, ^ito b MOjie- 
KyjiapnoM cjioe 11 aTMOcepepe /niCKa cooTHonieHne o6hjihh aTOMOB 12 C 

H 13 C, a TaiQKe H30TOnOB KHCJIOpOfla MOJKeT OTJIH^aTBCH OT II3HaHajII>- 

Horo KOCMHiecKoro, hto npHBO/niT k H30TonHO-cejieKTHBHOii xhmhh h 

II3MeHeHHBIM KOHHeHTpaiHISM H30TOnHBIX coefliiHeHHii ( [491 1601 I61|V 

HMeHHO TaKoii ii30TonHO-cejieKTiiBHOii yO-flHCC0H,Haii,Heii (BKyne c rvl- 
HaMHHecKoii SBOjuoHiieii) o6T>HCHHeTca HajniHHe aHOMajibHbix cooTHonie- 
HHii H30TonoB KHCjiopofla b pa3jiHHHbix MHHepajiax, o6pa30BaHHbix Ha 
CTa^HH o6pa30BaHHH Cojihchhoh ciiCTeMbi, ii BxoflamiM b cocTaB MeTeo- 
piiTHoro BemecTBa ( |62|). 

B cjieflyiomeM pa3/i,ejie BKpaTne onncbiBaiOTCH B3aHMO,a,eHCTBHe mo- 
jiexyji c nbijibio h noBepxHOCTHaa xhmhh. Bojiee no,npo6Hoe onncaHne 
npHBCflCHO b rjiaBe A. H. BaciOHHHa b stom c6ophhkc. 

6. B3aHMOfleflcTBHe ra3a c nMJieBMMH HacrnijaMH h 
noBepxHOCTHbie peaKipiH 

B xojioahbix (< 10 — 100 K) o6jiacTHx npoTonjiaHeTHbix /hickob mho- 
rne MOjieKyjibi ycneBaiOT noHTH nojraocTbio ocecTb Ha nbijieBbie nacTH- 

Hbl 3a HeCKOJIBKO MHJIJIHOHOB JieT 3BOJHOIH1H. IIpH TaKHX HH3KHX TeM- 

nepaTypax MOjieKyjibi npiijiiinaiOT (a,n,cop6HpyiOT) npn CTOJiKHOBeHnax 

K nblJIHHKaM nOHTH CO 100% BepOHTHOCTbK), TaK KaK HX KHHeTHHeCKHe 

SHeprHH (< 100 K) HaMHoro MeHbnie 3HeprHH ncnapeHHs (flecop6iniH; 
~ 600 — 6 000 K). cm. Ta6jiHH,y [3] ( [63J). Tohho oneHHTb BepoaTHOCTb 

CJIOJKHO, TaK KaK OHa 3aBHCHT OT CBOHCTB nOBCpXHOCTH (nOpHCTOCTb, 

MaTepnaji, noBcpxHOCTHbiii noTCHiriiaji) . IlpHjinnaHHe k noBepxHOCTH 
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Ta6Auii l a 3. BiieprHii flecop6u,HH fljia acTpoxiiMiinecKH Ba>KHbix MOjieKyji 



MojieKyjia 


SiieprHH /],ecop6ij,iiH, K 


C 2 H 


2140* 


C2H2 


2590 


C 2 S 


2700 


C3H2 


3390 




7590 


CH 2 co 


2200 


CH3CHO 


2870 


CH 3 OH 


5530 


CH 4 


1300 


CN 


1600 


CO 


1150 


co 2 


2580 


cs 


1900 


H 


624 




552 


H 2 S 


2740 


H 2 CO 


2050 


H 2 


5700 


HCN 


2050 


HCOOH 


5570 


HNC 


2050 


HNCO 


2850 


HNO 


2050 


N 


800 


N 2 


1000 


NH 3 


5530 


NO 


1600 





800 


2 


1000 


OH 


2850 


S 


1100 


SO 


2600 


so 2 


3400 



* - npiiMcpHaa TeivincpaTypa, npii KOTopoii HaHimaeTCH iicnapeHiie 
MOjieKyjiM H3 jie,n,HHOH MaHTHH, mojkbt 6biTb nojiyneHa nyTeM flejiemia 
SHeprnn flecop6n,HH (b K) Ha 50. 
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npoiicxo/piT ne xaoTHHHO , a b onpeflejieHHbie ynacTKH c noHH»ceHHi>iM 
sjieKTpocTaTimecKHM noTeHiniajiOM (ynacTKH aflcopGuini) . Ha nbijiHHKC 
c pa,a,HycoM 0.1 mkm cocTOHineii npeHMymecTBeHHO H3 aMopepHbix ch- 
jiHKaTOB, pa3Mem,aeTCH okojio MHjijiHOHa TaKHx ynacTKOB (co cpenHHM 
pa3MepoM b HecKOjibKO AHrcTpeM). 

IlpHjiHnaHHe MOjiexyji mojkbt npoHCxo/piTb jxsyMH pa3jiHHHbiMH cno- 
co6aMii, 3a cneT <pH3HHecK0ft ancop6HHH ((pH3HCop6uHH) h xhmhhgckoh 
ancop6HiiH (xeMOCOp6n,HH). B nepBOM cjrynae MOjiexyjia yflepjKHBaeTCH 
Ha noBepxHOCTH 3a cneT chji BaH flep Baajibca, a bo btopom - 3a cneT 
o6pa30BaHHH xHMinecKoii cbh3h c MOjieKyjioit noBepxHOCTH. 3neprHH 
npHjinnaHHH fljia <pH3HHecKOH a,ncop6HHH cocTaBjraeT Bcero jinnib np- 
jih aB (hto cooTBeTCTByeT 600 — 6 000 K, cm. Ta6jiHiry [3]) , b to BpeMH 
Kax 3Heprna xkmiihcckoh a [ zi I cop6HHH ropa3np Bbinie. > 1 sB (> 10 — 
— 30 000 K). TaioKe Kax h MOjieKyjibi, k nbijiHHKaM MoryT npujinnaTb 
sjieKTpoHbi. hto nejiaeT bo3mojkhbim peaKiniH niiccoHiiaTHBHOH peKOM- 
6HHan,HH hohob na ntijiH. B caMoii tcmhoh, njiOTHOii h noHTH HeftTpajib- 
hoh nacTH ueHTpajibHoii o6jiacTH niiCKa OTpHnaTejibHO 3apH*;eHHbie nbi- 
jieBbie nacTHH,bi CTanoBHTCH HaH6ojiee pacnpocTpaHeHHbiMH hochtgjthmh 
3apafla ( [M]). 

IIomhmo ancop6HiiH, MOjieKyjibi MoryT, npn 6jiaronpHHTHbix ycjiOBH- 
ax, flecop6HpoBaTb c noBepxHOCTH. KonenHO, pjia Tex MOjiexyji, KOTopbie 
xeMOCopGnpoBajiiicb Ha noBepxHOCTb nbijiHHKH BepoHTHOCTb necop6niiH 
o6paTHO b ra30Byio <pa3y HeBejiHKa. CnHTaeTCH, hto b npoTonjianeTHbix 
niicitax peajiH3yiOTCH Tpn HaH6ojiee scpepeKTHBHbix MexaHH3MOB necop6- 
hhh (oTjinnaHHa) jibflOB. 3to TenjiOBan flecop6n,Ha, flecop6HHH 3a cneT 
HarpeBa nbijiHHKH pcjihthbhctckoh HacTHHeii kocmhhcckhx jiyneit, h 

COp6nilH yjIbTpaepHOJICTOBblMH (pOTOHaMH. 

TenjiOBaH necop6ii,HH HannHaeTca, Kor,u;a noBepxHOCTHbie MOjieKyjibi 
HarpeBaiOTCH Tax, hto hx KHHeTHHecxaH SHeprna HannHaeT npeBbiinaTb 
SHeprHio npHjinnaHHH (hjih SHeprnio necop6HHH). JlerKHe npocTbie mo- 
jieKyji, TaKHe Kax CO h N2, HanHHaiOT ,a;ecop6HpoBaTb npn HarpeBe nbi- 
jiHHKH ,n;o 20 K ( |65|). b to BpeMH KaK ,h,jih BOJXbi, jxiiOKCHna yrjiepo,na h 
TH»cejibix coeflHHeHHii (yrjiepoflHbix uenoneK, HHaHonojiHHHOB, opraHii- 
kh) Tpe6yiOTca: TeMnepaTypbi npeBbimaiomHe ~ 50 — 150 K. XeMOCop- 
6HpoBaBHiHe MOjieKyjibi HanHHaiOT ncnapHTCH TOjibKO npn aocthjkchhh 
TeMnepaTyp > 300 — 1 000 K. OneBHnHO, hto TenjiOBaH r n,ecop6rniH ohchb 
BajKHa fljia xHMHHecKoii sbojhohhh BHyTpeHHGH (< 1 — 10 a.e.) ropHHeii 
o6jiacTH npoTonjiaHCTHbix jxhckob. 

Bo BHeniHeii xojiojxhoh ueHTpajibHoii oSjiacTH hhckob pa6oTaeT ppy- 
roft MexaHH3M necop6ii,HH - necop6HiiH 3a cneT B3aHMoneHCTBHH koc- 
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MH^ecKHx jiyneft c BemecTBOM. B cocTaB KOCMHiecKHx jiyneii bxo/jht 
He6ojibinaa (< 1%) nacTb nppp »cejie3a pcjihthbhctckhx SHeprnft (> 
1 TeB). Ecjih Taxaa BbicoKOSHcprnHHaa nacTHua CTajiKHBaeTCH c nbi- 
jihhkoh, to ee SHepriiH xBaTaeT, hto6bi HarpeTb nocjie^Hioio pp bmcokoh 
TeMnepaTypti, > 50 K, no3BOjiHH iiMnyjibCHO ncnapnTb nacTb hjih bcio 
jieflHHyio MaHTHio ( [66, 67J). Taicste nacTHHbi kocmhhcckhx jiyneii (hjih 

U BBl6HTBie" HMH 6bICTpbie SJieKTpOHbl) , CTajIKHBaHCb C MOJieKyjiaMH BO- 
AOpOfla, BbI3BIBaiOT HX B036y»CfleHHe, 3aCTaBJIHH H3JiyiaTb YO (pOTOHbl, 

KOToptie MoryT, b cboio onepejjb, ncnapsiTb noBepxHOCTHbie MOJieKyjibi 
(pOTOja,ecop6n;HeH ( |68j). 

3>OTOja,ecop6n;HH noBepxHOCTHbix cneiniH BajKHa fljiH xhmhhcckhx 
nponeccoB b MOjieKyjispHOM cjioe ,h,hckob. Ilpn stom Kaacflbift YO <potoh, 
nonaBHiHH Ha noBcpxHOCTb jieflHHOii mehthh nbijiHHKH, mojkbt c KaKoii- 

TO BepOHTHOCTBK) "OTKOJIOTb" nOBCpXHOCTHyiO cnciniio. 3a nocjie/nnic 
HeCKOJIBKO ^CCHTHJieTHH Jia6opaTOpHbie HCCJie/JOBaHHH nO3B0JIHJIH H3Me- 
pHTb 3TH BepOHTHOCTH flJIH /HOJKHHbl Han6ojiee BaJKHblX npocTbix MOJie- 

Kyji. 3Ta BepoHTHOCTb (Ha Ka^Kflbiii YO <potoh) pjin CO, H2O, CH4 h 
NH3 cocTaBjiaeT okojio 10~ 4 — 10 -2 , h 3aBHCHT ot cpopMbi YO cneKTpa 

( ISSEI). 

HaKOHen,, MOJieKyjibi Ha noBepxHOCTH npn onpeflejieHHbix ycjiOBHHx 
MoryT BCTynaTb b xHMHnecKHe peaKinin flpyr c jxpyroM. Ilpn stom no- 
BepxHOCTb nbijiHHKH BbiCTynaeT b pojni CBoeo6pa3noro KaTajiH3aTopa 
peaKniiii, norjiomafl BbmejrjnoiHeeca Tenjio h no3BOjiHH peareHTaM Ha- 
KanjiHBaTbca. CaMaa BascHaa MOJieKyjia bo BcejieHHOii, H2, o6pa3yeTca 
H3 aTOMapHoro BO/i,opo/],a npaKTHnecKH Bceuejio Ha noBepxHOCTH nbi- 
jih ( [66, 72J). IIoBepxHOCTHbie peaKinin MoryT npoTexaTb HecKOjibKHMH 
cnoco6aMH. Ecjih peariipyioiinie MOJieKyjibi (pii3HCop6iipoBaHbi, to npn 
onpeji;ejieHHOM ,zniana30He TeMnepaTyp ohii MoryT nepecicaKiiBaTb (hjih 
TyHHejinpoBaTb b cjiynae H h H2) b coce/nine yiacTKH aflcop6iniH, Tax 
Kax noTeHu;HajibHbie 6apbepbi MejKjxy hhmh oGmhho MeHbnie, HeM 3Hep- 
thh flecop6n,HH. TaKHM o6pa30M, <pH3iicop6HpoBaHHbie peareHTbi MoryT 
6jiyjK/];aTb no noBepxHOCTH h, b kohhc kohhob, npopearnpoBaTb flpyr c 
ApyroM, ecjiH o6e MOJieKyjibi OKa3biBaK>Tca Ha oahom h tom me ynacT- 
xe aflcop6n;HH. 3tot MexaHH3M xhmhhcckhx peaKinift Ha noBepxHOCTH 
Ha3biBaeTCH MexaHH3MOM JleHrMiopa-XHHHicjibByfla, h b /nicicax oh pa- 
6oTaeT b ueHTpajibHoii tcmhoh o6jiacTH. CymecTByeT eine ojjhh Ba?K- 

Hblfl MCXaHH3M XHMHICCKHX peaKHHH Ha nOBCpXHOCTH, MexaHH3M 3jICH- 

Pefliijia, Kor/i,a ofliH H3 pa/niKajiOB xeMOCop6npoBaH Ha noBepxHOCTH, 
a ^.pyraa ra30<pa3Haa: MOjiexyjia CTajiKHBaeTca c him, o6pa3ya c hcko- 
Topoii BepoHTHOCTbio HOByio cneiniio. 3tot MexanH3M oco6eHHO Ba»ceH 
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fljia: yrjiepoflHCTbix noBepxHOCTeft h HrpaeT BajKHyio pojrb b noBepxHOCT- 
hoh xhmhh npn bbicokhx (> 100 K) TeMnepaTypax h/hjih hhtchchbhoh 
<pOTO/;HCCOHHaHHH, T.e., b MOjieKyjispHOM cjioe flHCKa. Jla6opaTopHbic 
HecjieflOBaHHH noKa3ajiH, hto cjio>KHbie MOjieKyjibi, BKjno^aa opranHKy 
(Hanpniviep, MGTaHOJi) , MoryT aepcpe-KTHBHO o6pa30BbiBaTbCH b KOCMirce- 

CKHX yCJIOBHSX B OCHOBHOM 3a CHeT nOBepXHOCTHOft XHMHH ( |73| ) . 

7. 3aKJiK3HeHHe 

B flaHHOii o63opHoii jieKiniH noKa3aHO KaK o6pa3yiOTCH h pa3pynia- 
iotch MOjieKyjibi b npouecce sbojhohhh npoTonjiaHeTHbix /hickob - aHa- 
jiorax Hanreft CojiHeHHOft chctgmbi, Koryia eft 6bijio Bcero HecKOjibKO mhji- 
jihohob jieT. MojieKyjibi HBjiaiOTca BajKHbiMH HHCTpyMenTaMH H3yieHHH 

<pH3HHeCKHX yCJIOBHH, KHHGMaTHKH , H XHMH^ICCKOft CTpyKTypbl /IHCKOB. 

Ha npoTonjiaHeTHOft CTa/iHH sbojhohhh , cnjibHbie rpa^HeHTbi njiOTHO- 
cth, TeMnepaTypbi. h hhtbhchbhocth HOHH3HpyioiHero H3jiyneHHa npn- 
bo^st k o6pa30BaHHio "cjiohctoh" xHMHHecKoft CTpyKTypbl. B ropaneft, 

pa3pejKeHHOft H CHJIbHO HOHH30BaHHOft aTMOCCpepe npHCyTCTByiOT TOJIb- 

ko jiHHib aTOMbi, aTOMapHbie hohm, h npocTbie <pOTOCTa6HjibHbie pa/iH- 
Kajibi, HbH xHMHHecKaa sbojhohhh onpeflejiaeTCH orpaHHneHHbiM Ha6o- 
poM ra30(pa3Hbix peaKinift. B 6ojiee rjiy6oKHx cjiohx flHCKa peHTreHOB- 
CKoe h yjibTpaepHOjieTOBoe Me>K3Be3flHoe h 3Be3,nHoe H3jryHeHHe Hanii- 
HaeT ocjia6jiHTbca 3a cneT norjiomeHHfl nbijibio h ra30M, TeMnepaTypa 
noHH»caeTCH, no3BOjiHa o6pa30BbiBaTbca MHescecTBy cjiojkhmx coe/iHHe- 
hhh nocpe/i,CTBOM ra3onbijieBoft xhmhh. HaKOHcn,. b TeMHOft, xojio/iHoft h 
njiOTHOft SKBaTopnajibHoft nacTH /niCKa 6ojibniHHCTBO MOJiexyji ycneBaeT 
BbiMep3HyTb 3a BpeMH jkh3hh flHCKa, o6pa3yH cjiojKHbie jie^HHbie MaH- 
thh Ha nbijiHHKax, Ha KOTopbix npoHCxoflHT o6pa30BaHHe cjiokhmx (op- 
raHHnecKHx) MOjieicyji 3a cneT noBepxHOCTHbix peaKinift. BKpaTiie pac- 
CKa3ano, KaKne ocnoBHbie cpaKTbi o CTpyKType flHCKOB 6bijih nojiyneHbi 
b pe3yjibTaTe Ha6jHO r neHHft Ha pa/nio h HHcppaicpacHbix TejiecKonax. 

Pa6oTa BBinojiHeHa npn noflflep>KKe rpaHTa HeMeirfcoro Haymoro OoHfla 
b paMKax npnopjiTeTHOH nporpaMMBi SPP 1385: "The first ten million years 
of the Solar system - a planetary materials approach" (SE 1962/1-1). 
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